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Aging dynamics of ferromagnetic and reentrant spin glass phases in stage-2
Cu0.80C0.20Cl2 graphite intercalation compound
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Department of Physics, State University of New York at Binghamton, Binghamton, New York 13902-6000
(Dated: November 21, 2018)
Aging dynamics of a reentrant ferromagnet stage-2 Cu0.8Co0.2Cl2 graphite intercalation com-
pound has been studied using DC magnetic susceptibility. This compound undergoes successive
transitions at the transition temperatures Tc (≈ 8.7 K) and TRSG (≈ 3.3 K). The relaxation rate
SZFC(t) exhibits a characteristic peak at tcr below Tc. The peak time tcr as a function of temper-
ature T shows a local maximum around 5.5 K, reflecting a frustrated nature of the ferromagnetic
phase. It drastically increases with decreasing temperature below TRSG. The spin configuration
imprinted at the stop and wait process at a stop temperature Ts (< Tc) during the field-cooled
aging protocol, becomes frozen on further cooling. On reheating, the memory of the aging at Ts
is retrieved as an anomaly of the thermoremnant magnetization at Ts. These results indicate the
occurrence of the aging phenomena in the ferromagnetic phase (TRSG < T < Tc) as well as in the
reentrant spin glass phase (T < TRSG).
PACS numbers: 75.50.Lk, 75.40.Gb, 75.70.Cn
I. INTRODUCTION
Recently the slow dynamics of reentrant ferromagnets
has been extensively studied from the time evolution
of the magnetization M(t) and the absorption of AC
magnetic susceptibility χ′′(t) after the appropriate ag-
ing protocol.1,2,3,4,5,6,7,8,9 The reentrant ferromagnet un-
dergoes two phase transitions at the critical tempera-
tures TRSG and Tc (Tc > TRSG): the reentrant spin
glass (RSG) phase below TRSG and the ferromagnetic
(FM) phase between TRSG and Tc. The aging behavior
in the RSG phase has been reported in many reentrant
ferromagnets including (Fe0.20Ni0.80)75P16B6Al3,
1,2,3,4
CdCr2xIn2(1−x)S4 (x = 0.90, 0.95, and 1.00),
5,6,7 and
Cu0.2Co0.8Cl2-FeCl3 graphite bi-intercalation compound
(GBIC).8,9 The aging behavior of the RSG phase is
similar to that of the spin glass (SG) phase of spin
glass systems. In contrast, there have been few re-
ports on the observation of the aging behavior in the
FM phase. The measurement of the relaxation rate S(t)
[= (1/H)dM(t)/dln t] for (Fe0.20Ni0.80)75P16B6Al3,
1,2,3,4
and Cu0.2Co0.8Cl2-FeCl3 GBIC
8,9 has revealed that not
only the RSG phase but also the FM phase exhibit aging
phenomena. For CdCr2xIn2(1−x)S4 with x = 0.90, 0.95,
and 1.0,5,6,7 the aging behavior of the absorption χ′′(ω, t)
is observed both in the FM and RSG phases.
In this paper we report our experimental results on
the nonequilibrium aging dynamics of the FM phase
and the RSG phase in reentrant ferromagnet, stage-2
Cu0.8Co0.2Cl2 graphite intercalation compound (GIC)
using DC magnetization measurements. This system un-
dergoes magnetic phase transitions at TRSG ≈ 3.30 K
and Tc ≈ 8.70 K.
10,11 We examine the aging behavior
of this system using the zero-field-cooled (ZFC) mag-
netization measurements. The relaxation rate SZFC(t)
exhibits a peak at a characteristic time tcr below Tc, in-
dicating the occurrence of the aging phenomena both in
the RSG phase and the FM phase. We will also show that
the t dependence of SZFC(t) around t & tw is well de-
scribed by a stretched exponential relaxation, SZFC(t) ≈
(t/τ)1−n exp[−(t/τ)1−n], where n is a stretched exponen-
tial exponent and τ is a relaxation time which is assumed
to be equal to tcr. The temperature dependence of tcr
and τ shows a very characteristic behavior, which is very
similar to that observed in Cu0.2Co0.8Cl2-FeCl3 graphite
bi-intercalation compound (GBIC).9 We will also report
two kinds of the memory phenomena in the measurement
of thermoremnant magnetization (TRM) and the field-
cooled (FC) magnetization. When the system is cooled
down, a memory of the cooling process is imprinted in the
spin structure. This memory is recalled in a continuous
heating measurement. The TRM and FC magnetization
curves are recovered on heating the system after the spe-
cific cooling protocols. The comparison of these curves
yields information on the aging and memory effects.
II. EXPERIMENTAL PROCEDURE
We used the same sample of stage-2 Cu0.8Co0.2Cl2 GIC
that was used in the previous papers.10,11 The detail of
the sample characterization and synthesis were presented
there. The stoichiometry of this compound is described
by CxCu0.80Co0.20Cl2 with x = 11.04± 0.02. The c-axis
repeat distance is equal to dc = 12.83± 0.05A˚. The DC
magnetization and AC susceptibility were measured us-
ing a SQUID magnetometer (Quantum Design, MPMS
XL-5) with an ultra low field capability option. The rem-
nant magnetic field was reduced to zero field (exactly less
than 3 mOe) at 298 K. The experimental procedure for
each measurement is presented in the text and figure cap-
tions. The DC magnetic susceptibility for 150 ≤ T ≤ 298
K obeys a Curie-Weiss law with the Curie-Weiss temper-
ature and the average effective magnetic moment given
by Θ = 2.52± 0.22 K and Peff = 2.98± 0.02µB, respec-
tively. For the AC susceptibility, the amplitude of the
2AC magnetic field h was 50 mOe and the AC frequency
f was ranged between 0.01 and 1000 Hz.
After the ZFC aging protocol (see Sec. III B for de-
tail), the above conditions, MZFC(t) was measured
as a function of t. The relaxation rate defined by
SZFC(t) [= (1/H)dMZFC(t)/dln t] exhibits a peak
at a characteristic time tcr.
12 Theoretically13,14 and
experimentally15,16,17,18,19,20,21 it has been noticed that
the time variation of the ZFC susceptibility χZFC(t)
[= MZFC(t)/H ] may be described by a stretched expo-
nential relaxation form
χZFC(t) = χ0 −A(t/τ)
−m exp[−(t/τ)1−n], (1)
where χ0 and A are constants, m may be a positive expo-
nent and is very close to zero, n is a stretched exponential
exponent, and τ is a relaxation time. In the present work,
we consider only the case of m = 0 which may be suit-
able for the description of the long-time aging behavior
for t & tcr. Then the relaxation rate SZFC(t) can be
described by
SZFC(t) = S
0
maxF (n, t/τ), (2)
using a scaling function F (n, ξ) [= eξ1−n exp(−ξ1−n)],
where S0max = A(1 − n)/e and e (= 2.7182) is a basis of
natural logarithm. This relaxiation rate SZFC(t) has a
peak (= S0max) at a characteristic time t = τ .
III. RESULT
A. Magnetic phase transitions at TRSG and Tc
We have measured the T dependence of the ZFC mag-
netizationMZFC , the FC magnetizationMFC , the TRM
magnetizationMTRM , and the isothermal remnant mag-
netizationMIRM . We used two types of cooling protocol:
(i) the ZFC aging protocol consisting of annealing at 50
K for 1.2 × 103 sec and cooling from 50 to 1.9 K in the
absence of H , and (ii) the FC aging protocol consisting
of annealing at 50 K for 1.2 × 103 sec and cooling from
50 to 1.9 K in the presence of H . The magnetization
MZFC was measured with increasing T in the presence
of H (= 1 Oe) after the ZFC aging protocol. The mag-
netizationMTRM was measured with increasing T in the
absence of H after the FC aging protocol. The magne-
tization MFC was measured with decreasing T during
the FC aging protocol. The magnetization MIRM was
measured with increasing T immediately after the ZFC
aging protocol was completed at T = 1.9 K and then the
magnetic field H (= 1 Oe) was applied at T = 1.9 K for
t = 1.0 × 102 sec and was turned off. Figure 1 shows
the T dependence of MZFC , MFC , MTRM , MIRM , and
∆M (=MFC −MZFC) at H (or Hc) = 1 Oe. Note that
the effect of the remnant magnetic field was corrected by
the subtraction of the magnetization Mcorr which was
measured with decreasing T under the remnant magnetic
field (3 mOe). The magnetization MZFC has a shoulder
FIG. 1: (Color online) T dependence ofMFC ,MZFC ,MTRM ,
MIRM , and ∆M (= MFC −MZFC). H (or Hc) = 1 Oe for
stage-2 Cu0.8Co0.2Cl2 GIC. The detail of the cooling protocol
for each magnetization is described in the text. The remnant
field effect is corrected for each curve of M vs T .
around T = 3.5 K and a peak at T = 9.0 K. The de-
viation of MZFC from MFC appears below Tf = 12.5
K, implying that the irreversible effect of magnetization
occurs below this temperature. The magnetizationMFC
drastically increases with decreasing T below 10 K.
Figure 2 shows the T dependence of χ′′. The absorp-
tion χ′′ has two peaks at TRSG and Tc. The peak at
TRSG shifts to the high temperature side with increasing
f : 3.20 K at f = 0.007 Hz and 5.12 K at 1 kHz. The peak
at Tc slightly shifts to the high temperature side with in-
creasing f : 8.7 K at f = 0.01 Hz and 9.1 K at 1 kHz. The
dispersion χ′ has a single peak and a shoulder. The peak
shifts slightly from 9.20 to 9.30 K with increasing f from
0.01 Hz to 1.0 kHz, while the shoulder shifts greatly from
3 to 6 K. The peak height is strongly dependent on f .
The detail of the analysis on the T and f dependence of
χ′ and χ′′ was described by our previous paper.10 From
these results it may be concluded that our system under-
goes phase transitions at Tc (≈ 8.7 K) and TRSG (≈ 3.3
K). The low temperature phase below TRSG is a RSG
phase and the intermediate phase between TRSG and Tc
is a FM phase.
B. Aging behavior of SZFC(t)
In order to confirm the existence of the aging behavior,
we have measured the t dependence of the ZFC magne-
tization MZFC(t) at various T . Our system was cooled
from 50 K to T (1.9 ≤ T ≤ 9 K) in the absence of
an external magnetic field. This ZFC cooling process is
completed at ta = 0, where ta is defined as an age (the
total time after the ZFC aging protocol process). The
3FIG. 2: (Color online) T dependence of the AC magnetic
susceptibility at various frequencies f : ω = 2pif . (a) the
dispersion χ′(ω,T ) and (b) the absorption χ′′(ω, T ). h = 50
mOe. H = 0.
system is isothermally aged at T until ta = tw, where tw
(2.0 × 103 ≤ tw ≤ 3.0 × 10
4 sec) is a wait time. The
magnetic field H (= 1.0 Oe) is turned on at ta = tw
or the observation time t = 0. The ZFC magnetization
MZFC(t) was measured as a function of time t.
Figures 3 and 4 show the t dependence of the relaxation
rate SZFC(t) at various T (2.8 ≤ T ≤ 11.0 K), where
tw = 1.0 × 10
4 sec and H = 1 Oe. The relaxation rate
SZFC(t) exhibits a broad peak at a characteristic time tcr
in the FM phase as well as in the RSG phase. We find
that SZFC(t) is well described by a stretched exponential
relaxation form given by Eq.(2) for t & tcr. Note that the
curves of SZFC(t) vs t greatly deviates from the curves
denoted by Eq.(2) for t ≪ tcr. The least-squares fit of
these data to Eq.(2) yields the parameters τ , n and S0max.
The solid lines presents the least squares fitting curve to
Eq.(2). The T dependence of tcr, τ , Smax, S
0
max, and n
are shown in Figs. 5(a), (b), and (c). In Fig. 5(a) we show
the T dependence of tcr and τ for tw = 1.0× 10
4 sec and
H = 1 Oe, respectively. The T dependence of tcr is very
similar to that of τ for 2.0 ≤ T ≤ 9.0 K. The relaxation
FIG. 3: (Color online) t dependence of the relaxation rate
SZFC [= (1/H)dMZFC(t)/dln t] at various T . (a) T = 2.8 -
3.4 K. (b) T = 3.5 - 4.0 K. Each measurement was carried
out after the ZFC aging protocol: annealing of the system at
50 K for 1.2 × 103 sec at H = 0, quenching from 50 K to T ,
and then isothermal aging at T and H = 0 for a wait time
tw (= 1.0 × 10
4 sec). The MZFC measurement was started
at t = 0 when the field H (= 1 Oe) is turned on. The solid
lines denote the least-squares fitting curves to Eq.(2). The
parameters τ , n and S0max are given in Fig. 5.
time τ (≈ tcr) starts to increase around T = Tc with
decreasing T . It shows a broad peak centered around 5.5
K between TRSG and Tc, and a local minimum around
TRSG. It drastically increases with further decreasing
T below TRSG. Note that very similar behavior of tcr
vs T (τ vs T ) is also observed in reentrant ferromagnet
Cu0.2Co0.8Cl2-FeCl3 GBIC.
9 The existence of the broad
peak around 5.5 K suggests the chaotic nature of the FM
phase in our system (see Sec. IV). The drastic increase
of tcr (or τ) below TRSG with decreasing T is a feature
common to the SG phases of typical SG systems. Figure
5(b) shows the T dependence of Smax (the peak height
of SZFC(t) at t = tcr) and S
0
max for H = 1 Oe and
tw = 1.0 × 10
4 sec. We find that the T dependence of
S0max agrees well with that of Smax. The peak height
Smax at H = 1 Oe exhibits two peaks around T = 3.2 K
4FIG. 4: (Color online) t dependence of SZFC(t) at various T .
H = 1 Oe. tw = 1.0 × 10
4 sec. (a) T = 4.5 - 7.5 K. (b) T =
8.0 - 11.0 K. The solid lines are curves fitted to Eq.(2).
and at 7.5 K just below Tc.
In Fig. 5(c) we show the plot of the exponent n as
a function of T , where tw = 1.0 × 10
4 sec and H = 1
Oe. The exponent n increases with increasing T and
exhibits a peak at T ≈ TRSG. The exponent n decreases
with further increasing T . It shows a local minimum
around 5.0 K and a local maximum at T ≈ Tc. Similar
behavior of n vs T has been reported by Hoogerbeets
et al.17 for dilute metallic spin glasses. The exponent n
increases as T approaches the spin freezing temperature
TSG from below. In summary, we find two relations;
tcr(T ) ≈ τ(T ) and Smax(T ) = S
0
max(T ). These relations
indicate that the stretched exponential relaxation holds
well in our system at least for t & tcr.
We have measured the t dependence of MZFC(t) at
T = 8.0 and 5.5 K, as the wait time tw is varied as a
parameter (2.0× 103 ≤ tw ≤ 3.0× 10
4 sec). Figures 6(a)
and (b) show the t dependence of SZFC(t) at T = 8.0
and 5.5 K, respectively. As shown in Fig. 6(a), SZFC(t)
at T = 8.0 K exhibits a peak at t = tcr for each tw.
This peak shifts to the long-t side with increasing tw,
showing the aging behavior. In Fig. 6(c) we show the
FIG. 5: (Color online) T dependence of (a) the peak time tcr
(◦) and the relaxation time τ (•), (b) the maximum value
Smax (◦) and the amplitude S0max (•), and (c) the stretched
exponential exponent n. The relaxation rate SZFC(t) takes a
maximum (Smax) at the peak time tcr, where tw = 1.0× 10
4
sec and H = 1 Oe. The parameters τ , S0max, and n are
derived from the least-squares fits of the data of SZFC(t) vs
t for t & tcr to Eq.(2).
relation between tcr and tw at T = 8.0 K. The time tcr
is proportional to tw: tcr = (0.37± 0.02)tw. In Fig. 6(b),
in contrast, SZFC(t) at 5.5 K seems to show a peak at
t = tcr ≈ 2.8× 10
4 sec for tw = 1.0× 10
4 sec. It is noted
that no peak is observed in SZFC(t) for t < 5.0× 10
4 sec
for tw = 3.0 × 10
4 sec, indicating the divergence of the
5FIG. 6: (Color online) t dependence of SZFC(t) at various
wait time tw. H = 1 Oe. (a) T = 8.0 and (b) 5.5 K. (c) The
peak temperature tcr vs tw at T = 8.0 K, obtained in part
from (a).
relaxation time due to the disordered nature of the FM
phase.
C. Genuine TRM measurement
In order to examine the aging and memory effects, we
have carried out the genuine TRM measurement. The
sample was first rapidly cooled in the presence of Hc (=
FIG. 7: (Color online) T dependence of the difference
∆MTRM (T ;Ts, ts) [= MTRM (T ;Ts, ts) − M
ref
TRM (T )]. tw =
3.0×104 sec. Hc = 1 Oe. (a) Ts = 3.5 K, (b) Ts = 4.0 K, and
(c) Ts = 5.0 K. MTRM (T ;Ts, ts) is measured with increasing
T at H = 0 from 2.0 K, after the FC cooling protocol at Hc
= 1 Oe with a stop-wait at the stop temperature Ts for a wait
time ts = 3.0× 10
4 sec. MrefTRM (T ) is measured with increas-
ing T at H = 0 from 2.0 K, after the FC aging protocol at
Hc = 1 Oe without such a stop-wait procedure.
1.0 Oe) from 50 K. The FC aging protocol was inter-
rupted by stop and wait at an intermittent stop temper-
ature Ts (3.5 ≤ Ts ≤ 8.5 K). After the isothermal aging
for a wait time ts (= 3.0×10
4 sec) at Ts, the cooling of the
system was resumed from Ts down to 2.0 K. At 2.0 K the
magnetic field was switched off. Subsequently the TRM
magnetization was measured with increasing T from 2.0
6FIG. 8: (Color online) T dependence of the difference ∆MTRM (T ;Ts, ts) [= MTRM (T ;Ts, ts) −M
ref
TRM (T )]. ts = 3.0 × 10
4
sec. Hc = 1 Oe. (a) Ts = 6.5 K, (b) Ts = 7.0 K, (c) Ts = 8.0 K, and (d) Ts = 8.5 K. The definition of MTRM (T ;Ts, ts) and
MrefTRM (T ) is the same as for Fig. 7.
to 14.0 K at H = 0 [MTRM (T ;Ts, ts) as the single stop
curve]. The result is compared with the TRM magneti-
zation without any intermittent stop during the FC cool-
ing protocol [M refTRM (T ) as the reference curve]. Figures
7 and 8 present the difference curves ∆MTRM (T ;Ts, ts)
with ts = 3.0× 10
4 sec, obtained by subtracting the ref-
erence curve from the single stop curves for different stop
temperatures Ts, where ∆MTRM (T ;Ts, ts) is defined as
∆MTRM (T, ts) =MTRM (T ;Ts, ts)−M
ref
TRM (T ). (3)
The differences ∆MTRM (T ;Ts, ts) at Ts = 3.5, 4.0, 8.0
and 8.5 K exhibit a positive sharp peak at a tempera-
ture close to Ts. Similar memory effect are observed in
the genuine ZFC magnetization measurement for the 3D
Ising spin glass Fe0.55Mn0.45TiO3.
22
In contrast, the differences ∆MTRM (T ;Ts, ts) at Ts =
5.0, 6.5 and 7.0 K are rather different from those at Ts =
3.5, 4.0, 8.0, and 8.5 K. They exhibit a relatively broad
peak near T = Ts as well as a negative local minimum
around T = 8 K. The broad peak at T = Ts for Ts = 5.0,
6.5, and 7.0 K may be closely related to the divergence
of tcr and τ around T = 5.5 - 6.0 K. Such a slow dynam-
ics between TRSG and Tc may be related to a possible
FM ordered clusters coupled with random dipole-dipole
interaction. This FM state smoothly changes into a con-
ventional SG state below TRSG. The cause of the local
minimum around 8.0 K in ∆MTRM (T ;Ts, ts) is not cer-
tain in the present stage.
The ordered domains generated at T = Ts are frozen in
and survives the spin reconfiguration occurring at lower
temperature on shorter length scales. The rejuvenation
of the system occurs as the temperature is decreased
away from Ts. The spin configuration imprinted at Ts
is recovered on reheating. In this sense, the system sus-
tains a memory of an equilibrium state reached after a
stop-wait process at Ts. The influence of the spin con-
figuration imprinted at a stop-wait protocol is limited to
a restricted temperature range around Ts on reheating.
The width of this region may be assigned to the existence
of an overlap between the spin configuration attained at
Ts and the corresponding state at a very neighboring tem-
perature (Ts+∆T ). The overlap length L∆T is inversely
propotional to | ∆T |.12 In our system, the spin configu-
ration imprinted during the stop-wait protocol at T = Ts
for t = ts is unaffected by a small temperature shift such
that the overlap length L∆T is larger than the average
domain sizes. There is a sufficient overlap between the
equilibrium spin configurations at the two temperatures
Ts and Ts + ∆T . The situation is different when the
temperature shift becomes large. The overlap length be-
7FIG. 9: (Color online) (a) and (b) T dependence ofMISFC(T ↓)
() and MISFC(T↑) (♦) observed in the following FC cooling
protocol. The system was quenched from 50 to 15 K in the
presence of H (= 5 Oe). MISFC(T↓) was measured with de-
creasing T from 15 to 1.9 K but with intermittent stops at
Ts= 7.0 and 5.5 K for a stop time ts = 3.0×10
4 sec. The field
is cut off during each stop. MISFC(T↑) was measured at H = 5
Oe with increasing T after the above FC cooling process. For
comparison, the T dependence ofMFC , MTRM andMZFC at
H (or Hc) = 5 Oe are also shown as reference curves for com-
parison. These references curves are measured after either
usual FC cooling or usual ZFC protocol without intermittent
stop.
comes shorter than the original domain sizes. A smaller
overlap between spin configurations promotes the forma-
tion of broken domains. When the temperature shift is
sufficiently large, the overlap length is much shorter than
the original domain sizes, leading to the rejuvenation of
the system.23
D. Memory effect of FC magnetization
We have also examined the memory effect of the FC
magnetization under the FC aging protocol with a stop
and wait process. Our result is shown in Fig. 9. Our
system was cooled through the FC aging protocol from
50 K in the presence of H = 5 Oe. When the system
was cooled down to intermittent stop temperatures Ts
(= 8.5, 7.0 and 5.5 K), the field was cut off (H = 0)
and kept at T for tw (= 3.0 × 10
4 sec). In this case,
the magnetization M ISFC(T ↓) decreases with time due to
the relaxation. After the wait time tw at each stop tem-
perature, the field (H = 5 Oe) was applied again and
the FC cooling process was resumed. Such a FC cooling
process leads to a step-like behavior of M ISFC(T ↓) curve.
The value of M ISFC(T ↓) after resuming below T = 5.5 K
behaves almost in parallel to that of the FC magnetiza-
tion without the intermittent stops (MFC curve as the
reference, see Fig. 9(a)). After reaching the 1.9 K, the
magnetizationM ISFC(T ↑) was measured in the presence of
H (= 5 Oe) as the temperature is increased at the con-
stant rate (0.05 K/min). The magnetization M ISFC(T ↑)
thus measured exhibits a peak at a characteristic tem-
perature Ta = 6.2 K between the stop temperatures Ts
= 5.5 and 7.0 K, a peak at Ta = 7.6 K between Ts = 7.0
and 8.5 K, and a kink at Ta = 8.8 K above Ts = 8.5 K.
It is assumed that the anomaly of M ISFC(T ↑) at T = Ta
is related to the spin configuration imprinted at T = Ts
(< Ta) and H = 0 for a wait time tw during the cool-
ing process. If a temperature difference ∆T is defined as
∆T = Ta − Ts, we have ∆T = 0.7 K for the peak at Ta
= 6.2 K (Ts = 5.5 K), ∆T = 0.6 K for the peak at Ta
= 7.6 K (Ts = 7.0 K), and ∆T = 0.3 K a cusp at Ta =
8.8 K (Ts = 8.5 K). The difference ∆T tends to decrease
with increasing the stop temperature Ts.
In summary, the spin configuration imprinted at the in-
termittent stop at Ts for a wait time tw at H = 0 during
the cooling process strongly affects the T dependence of
MFC(T ↑) when the temperature is increased, exhibiting
a peculiar memory effect. Our result is qualitatively in
agreement with the results reported by Sun et al.24 for su-
perparamagnet (Ni81Fe19) nanoparticles. Sasaki et al.
25
has proposed a model that the aging and memory effects
of such systems may originate solely from a broad distri-
bution of relaxation times in ferromagnetic domains.
IV. DISCUSSION
First our results on the aging behavior of SZFC(t)
vs t are compared with those observed in two typical
reentrant ferromagnets. The first case is the result of
Cu0.2Co0.8Cl2-FeCl3 GBIC (TRSG = 3.5 K, Tc = 9.7
K).9 The aging behavior of SZFC(t) is observed in both
RSG phase and the FM phase. The peak time tcr for
tw = 3.0 × 10
4 sec shows a broad peak centered around
4 - 5 K between TRSG and Tc, and a local minimum
around TRSG. It decreases with further increasing T be-
8low TRSG. The broad peak in tcr around 4 - 5 K sug-
gests the chaotic nature of the FM phase. The peak
height Smax at H = 1 Oe exhibits two peaks around
T = TRSG and at 7.0 K just below Tc, independent of
tw (= 1.5 × 10
4 sec or 3.0 × 104 sec). The second case
is the result of (Fe0.20Ni0.80)75P16B6Al3 (TRSG = 14.7 K
and Tc = 92 K).
1,2,3,4 The aging behavior of SZFC(t) vs
t is also observed in both RSG phase and the FM phase.
The peak time tcr shows a local minimum around 23 K,
and increases with further increasing T between 25 and
30 K. Although no data have been reported for SZFC(t)
vs t above 30 K, it is assumed that tcr shows a local
maximum between 30 K and Tc, since tcr should reduce
to zero well above Tc. The peak height Smax (H = 0.5
Oe and tw = 1.0 × 10
3 sec) exhibits a peak at 13 K just
below TRSG, having a local minimum at 25 K, and tends
to increase with further increasing T . It is assumed that
Smax shows a local maximum between 30 K and Tc, since
Smax should reduce to zero above Tc. These two peaks of
Smax vs T are similar to two local maxima around TRSG
and between TRSG and Tc in our system.
The features of the aging behavior common to the
above two reentrant ferromagnets as well as our system
are as follows. The peak time tcr drastically increases
with decreasing T below TRSG. In this sense, the RSG
phase below TRSG is a normal SG phase. The dynamic
nature of the FM phase is rather different from that of an
ordinary ferromagnet. The peak time tcr as a function
of T exhibits a local maximum between TRSG and Tc.
The FM phase just above TRSG shows a dynamic behav-
ior characterized by an aging effect and chaotic nature
similar to that of RSG phase.
According to a model proposed by Aeppli et al.,26 the
RSG phase is caused by the random field effect. The FM
order is broken down by a random molecular field due
to the freezing of spins in the PM clusters which do not
contribute to the FM spin order. In the high tempera-
ture FM phase the fluctuations of the spins in the PM
clusters are so rapid that the FM network is less influ-
enced by them and their effect is only to reduce the net
FM moment. On approaching TRSG the thermal fluctu-
ations of the spins in the PM clusters become slower and
the coupling between these spins and the FM network
becomes significant. Then the molecular field from the
slow PM spins acts as a random magnetic field, causing
a break up of the FM network into finite domains.
V. CONCLUSION
Stage-2 Cu0.2Co0.8Cl2 GIC undergoes successive tran-
sitions at the transition temperatures Tc (≈ 8.7 K) and
TRSG (≈ 3.3 K). The relaxation rate SZFC(t) exhibits a
characteristic peak at tcr below Tc, indicating the occur-
rence of aging phenomena in both the RSG and the FM
phases. The relaxation rate SZFC(t) is well described by
a stretch exponential relaxation only for and t & tcr. The
peak time tcr as a function of T exhibits a local maxi-
mum around 5.5 K, reflecting a flustrated nature of the
FM phase. This result is also supported by the T depen-
dence of the genuine TRM magnetization. It exhibits a
sharp peak at T = Ts when the stop temperature Ts is
close to Tc and TRSG. This peak becomes very broad at
T centered around Ts (≈ 5.5 K). The ordered domains
generated at T = Ts (TRSG < T < Tc) are frozen in and
survives the spin reconfiguration occurring at lower tem-
perature on shorter length scales. The rejuvenation of
the system occurs as the temperature is decreased away
from Ts. The spin configuration imprinted at Ts is re-
covered on reheating, indicating the memory effect.
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